BACKGROUND: We conducted a national survey of general surgeons to address the association between surgeon characteristics and the tendency to recommend surgery.
In the last decade, research has shown a wide variation in the way medicine and surgery are practiced across the country. Practice variation is typically discussed using metrics such as the use of resources, spending, and cost (eg, average per capita Medicare spending varies almost 3-fold across the United States even after case-mix adjustment). 1 As a result, the Office of Management and Budget has identified the reduction of practice variation as a key to reducing health care costs. 2 Wennberg 3 described the concept of ''unwarranted variation'' as differences in health care delivery that cannot be explained by illness, medical need, or the dictates of evidence-based medicine; much of his and others' work at the Dartmouth Atlas of
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Healthcare, Lebanon, NH, investigated the possible reasons for this variation. They found that differential physician visits, specialist consultations, and hospitalizations are key contributors to practice variation.
Yet, aside from conclusions about physicians overall that have been extrapolated from these studies, few examine individual physician behavior at the center of the variation, especially in surgery. 4, 5 There is a great deal of interest in reducing unnecessary variation as it contributes to increasing health care costs, and the use of elective surgery has been implicated as a factor. Existing research looking at how general surgeons make decisions and the variety of ways in which surgeon behavior may be influenced is outdated and does not account for today's medical and legal environment. 6, 7 As such, we undertook a national survey of general surgeons to determine the associations between a surgeon's characteristics, including demographics, specialization, procedure volume, practice settings, financial compensation and malpractice fears, and their tendency to recommend surgery, which we refer to as the tendency to operate (TTO). In particular, we hypothesized a priori that financial compensation and incentives, specialization, surgical volume, and concerns about malpractice would influence a surgeon's decision to recommend an operation.
Methods
All respondents provided consent to participate in the survey, and all data were deidentified before analysis. This study was approved by the Institutional Review Board at the University of Pennsylvania, Philadelphia, PA.
Study population
Respondents were initially recruited from the Philadelphia Academy of Surgery; there are 248 members. The American College of Surgeons (ACS) distributes a weekly e-mail of news bulletins entitled the ACS NewsScope to over 44,000 subscribers, many of whom are fellows of the ACS. The NewsScope e-mail included information about the survey 7 times over the course of the 1-year enrollment period. Lastly, the survey was advertised on the American Board of Surgery (ABS) website under the Maintenance of Certification (MOC) Part 2 link as a method of attaining MOC Part 2 credits. Because it was not possible to identify how many eligible surgeons received an invitation, we did not calculate a response rate. Our total study sample included 907 surgeons with representation from all 50 states. All surgeons were board certified or board eligible.
Survey development
In collaboration with the ABS, we designed a webbased survey instrument to assess surgeons' decision making across a spectrum of general surgical conditions (Appendix 1). We enrolled participants over a 1-year period from April 2011 until April 2012. The survey consisted of 25 hypothetical clinical scenarios, which were designed to have a high degree of clinical uncertainty regarding the decision to operate (ie, surgical intervention was neither strictly indicated nor contraindicated and the decision relied on the discretion of the surgeon). We included 1 positive control question in which the patient was in definite need of surgical intervention and 1 negative control question in which surgical intervention was not indicated. All questions were tested for face and content validity with experts in each field from the Department of Surgery at the Hospital of the University of Pennsylvania, Philadelphia, PA, and revised based on feedback. All scenarios contained information about the age, sex, and race of the patient; these were constant for each question; however, the order of the 25 scenarios was randomized. Relevant signs and symptoms about a specific surgical condition were described, with laboratory data and imaging results as needed. Each scenario was thoroughly reviewed to ensure sufficient information to make a reasonably informed decision without being excessively detailed to reduce respondent burden. Respondents were instructed to respond to the patient scenario as they would treat an actual patient regardless of whether they typically performed the indicated procedure. Additional instructions included that no further medical or diagnostic testing would be done, and no interventional radiology procedures would be performed. We deliberately avoided excessively lengthy or confusing clinical scenarios.
Following each of the scenarios, the following question was posed to the respondent: ''Given the above information, how likely are you to recommend surgical intervention at this time?'' Responses were graded on a 5-point Likert scale, ranging from ''very likely'' to ''very unlikely,'' including a ''neutral'' option ( Fig. 1) . Surgical cases varied across the following most common general surgery domains: hernias, abdominal surgery, breast surgery, colorectal surgery, trauma and surgical critical care, hepatobiliary surgery, vascular surgery, and endocrine surgery.
Study variables
Respondents answered 21 questions pertaining to their sociodemographics. Five questions were asked about malpractice concerns, including concerns about being involved in a lawsuit, ordering tests to avoid the appearance of malpractice, and reliance on consultants and technology to reduce the perceived risk of getting sued. These were drawn from a previously validated malpractice concerns scale. 8 Surgeons were asked about their basic mode of financial compensation, the categories of which were derived from the ABS recertification application. Categories included the following: (1) fixed salary; (2) salary adjusted for performance (eg, surgeon's own productivity, fee-for-service practice, practice's financial performance, and practice profiling); (3) shift, hourly, or other time-based payment; (4) share of practice billings or workload; or (5) other methods. Respondents were asked if they were eligible for financial incentives such as periodic adjustments, bonuses, returns on withholds, or any type of supplemental payment either from the practice or from health plans. Geographical practice characteristics were based on rural-urban commuting area codes, a new Census tract-based classification scheme, as linked to reported practice zip codes. Lastly, respondents entered their most recent 1-year operative case log into 12 general categories. The standard surgical volume was defined as the sum of z scores of surgical volume in each of the 12 categories.
TTO was defined as the arithmetic mean of all scenario responses excluding the positive control question. The negative control question was included in the TTO score because of a larger than expected variability in responses. A mean of 1 would imply that the surgeon chose ''very unlikely'' for all scenarios; similarly, a mean of 5 would imply ''very likely'' was chosen for all scenarios.
Surgeon specialization was determined from selfreported surgical volume rather than fellowship status because we believed this would more accurately reflect their current areas of clinical focus. Specialist fields included were colorectal, vascular, trauma, breast, endocrine, hepatobiliary, hernia, and breast surgery. A surgeon was deemed a specialist in a field of surgery if his/her volume of cases in that field was greater than 2 standard deviations above the mean volume for all respondents in that field. To simplify the analysis, for surgeons who met criteria for specialization in multiple fields, the field with the highest standard deviation was assigned. A separate specialty-specific TTO score was calculated as the mean score of clinical scenarios relevant to the defined specialty.
Feedback and continuing medical education
After completion of the survey, respondents were then able to compare their individual responses to each scenario with cumulative responses for each answer choice depicted in a bar graph with previous respondents' results. Surgeons could claim up to 5 American Medical Association (AMA) PRA Category 1 credit (TM) hours, which could be used toward MOC Part 2 as per our collaboration with the ABS. As part of the continuing medical education process, respondents answered an additional 18 questions regarding their assessment of the survey, including a free text box (Appendix 2).
Statistical methods
Continuous variables are expressed as means 6 standard deviation or medians (interquartile range) depending on normality. Categorical variables are expressed as proportions. Internal validity of the survey instrument was assessed via the Cronbach alpha test and factor analysis, with eigenvalues greater than 1 being deemed sufficient for the identification of an independent factor. The Student t test and chisquare analyses were used to assess univariable associations with TTO and categorical exposures. The correlation between TTO and continuous variables was assessed via Pearson or Spearman coefficients depending on normality. Ordinary least squares regression was used in multivariable models examining TTO. Backward stepwise regression with a threshold of P , .05 was used to obtain parsimonious models. Standard surgical volume was log transformed given significant rightward skew. All statistics were analyzed using STATA 11.0 (College Station, TX).
Results
Our total study population was 907 surgeons. There was broad variation in how surgeons responded to the scenarios ( Fig. 1 ). Less than 15% chose the ''neutral'' option per question. The post-test questionnaire was completed by 821 respondents. Of those, 703 (86%) felt that ''all or most'' or ''many'' of the survey questions contained sufficient information to make a reasonably informed decision. Only 5 (.61%) of surgeons felt that ''few or none'' of the scenarios contained enough information. Over 99% of respondents recommended surgery for the positive control question. However, less than 80% of respondents chose surgical intervention for the negative control question. Because of unexpected significant variability, this question was therefore included in the final TTO score.
Baseline characteristics of the study sample are listed in Table 1 . Briefly, the average age was 51.9 6 .4 years. Male surgeons accounted for 78.1% of the study sample; 82.7% were white. Approximately one fourth of the study sample were surgeons at academic hospitals (26.1%), whereas private practice surgeons (large and small groups) accounted for 67.4% of surgeons and government/Veterans Affairs surgeons accounted for 6.5%. Roughly half (45.6%) worked with surgical residents on a weekly basis. Surgeons largely worked in urban areas (81.5%). Half of the respondents had completed surgical fellowships (50.4%). A majority of surgeons chose salary adjusted for performance (43.3%) as their basic financial compensation structure, with fixed salary as the next most common method of compensation (32.5%); 48.0% were eligible to receive financial incentives.
The mean TTO across all questions was 3.06 6 .43. Figure 2 shows the distribution of responses for each case scenario. Table 2 stratifies surgeon characteristics among tertiles of TTO in order to characterize surgeons across a spectrum of TTO, ranging from low (mean TTO ,2.83) to high (mean TTO .3.25). In unadjusted analysis, older surgeons had significantly lower TTO scores than their younger colleagues (2.03 points per decade of life; 95% confidence interval (CI), 2.06 to 2.003; P 5 .03). White surgeons had lower TTO scores than nonwhite surgeons (mean TTO 5 3.04 6 .42 vs 3.15 6 .46, P 5 .003). Fellowship training was also associated with a higher TTO (mean TTO 5 3.09 6 .42 vs 3.03 6 .44, P 5 .03) in univariate analysis. Malpractice concern was variable in this population; the median for the 5 questions assessing malpractice concern was 2.4 (interquartile range 5 1.6 to 3.2) skewed toward higher levels of concern. Higher or lower malpractice concern was not associated with TTO in unadjusted analysis nor was the subset of malpractice concern questions that pertained to ''defensive medicine. '' Tests for the internal validity of the clinical scenarios revealed a Cronbach alpha of .56. Factor analysis revealed 1 primary factor; this was determined to correspond to the specialty of an individual surgeon. Using restrictions set by the survey website, except for 22 incorrectly listed zip codes, there were no missing data.
Multivariable analysis
We included 11 variables in our multivariable analysis: age, sex, race, ethnicity, fellowship as a binary variable, practice type, resident interaction, compensation structure, financial incentives, geography, and volume. The results of a parsimonious regression model appear as Table 3 . Significant findings included lower TTO scores for white surgeons (P 5 .003) and Hispanic surgeons (P 5 .04). One subtype of financial compensation, salary via share of billings/workload, was significantly associated with a lower TTO (P 5 .02). Specifically, malpractice concern, overall volume, and financial incentives did not influence TTO. In addition, practice setting (ie, private practice, academic, or government) and working with residents did not influence the TTO.
Influence of specialization on tendency to operate
We then examined surgical specialists. Of the 907 surgeons, 354 (39.0%) were considered specialists by our previous definition rather than by fellowship. Specialtyrelevant clinical scenarios included breast, trauma, colorectal, vascular, hepatobiliary, hernia, and endocrine cases; we excluded 104 specialists outside these categories (eg, plastic surgery, cardiothoracic surgery, and so on) because there were no relevant scenarios for those fields. Thus, there were 250 (27.6%) specialists for analysis.
Surgical specialists had a significantly lower TTO in scenarios relevant to their specialty as opposed to areas outside of their specialty (mean TTO 5 2.77 6 1.05 vs 3.03 6 .46, P , .001). In addition, surgical specialists chose to operate less often on patients within their field of expertise compared with all other surgeons (mean TTO 5 2.77 6 1.62 vs 3.14 6 1.54, P , .001). This finding was strongest for breast surgeons for the breast scenarios (mean TTO 5 1.96 6 .9 vs 2.92 6 .94, P , .001). In multivariable analysis, specialist surgeons paid by share of billings/workload had lower TTO scores (P 5 .02), and those paid by time-based methods had higher TTO scores (P 5 .02) compared with other surgical specialists (Table 4) . Male specialists recommended surgery more often than their female counterparts (P , .001).
Lastly, surgeons recommended surgery significantly less often for male compared with female patients (mean TTO 5 2.99 6 .53 vs 3.11 6 .51, P , .001). TTO was significantly lower for white patients in the scenarios compared with black patients (mean TTO 5 2.89 6 .52 vs 3.25 6 .51, P , .001).
Comments
In this large national survey of general surgeons, we examined the individual and practice characteristics of the surgeon behind the decision-making process in an effort to better understand what drives surgical practice variation. We asked surgeons to report their likelihood of recommending surgery in 25 clinical scenarios in which the decision was based on the discretion of the surgeon rather than strict surgical indications. Some variation is likely a normal component of United States health care and may be caused by such factors as differential patient socioeconomic status and access to care. 9, 10 For example, Cooper et al 11 found that poverty and the social determinants of health are the largest contributors to variation in health care use. We make the claim that some fraction of discretionary surgery contributes to unnecessary variation and aim to raise awareness in the surgical community to the possible influences they may unintentionally bring to the decision-making process.
Because physicians control most health care resources for their patients, the intensity and volume of health care use is directly related to their medical decision making and thus are responsible for a large share of health care costs. These costs include actual dollars as well as societal costs, especially if patients are undergoing procedures for which there may not be strong indications (including informed patient preference). Previous studies have examined spinal surgery as a prime example of unwarranted variation whereby rates of surgery are up to 6 times higher in some regions compared with others despite similar patients and indications. 12 The fundamental issue is that outcomes are not better by morbidity and mortality measures, which provides an argument for a reduction in the volume of surgeries that contribute to unwarranted variation. [12] [13] [14] [15] [16] [17] Our results suggest that, when facing the same hypothetical patient, specialist surgeons tend to recommend surgery within their field less frequently than their colleagues. In addition, individual specialists are less likely to recommend surgery in their specialty area than in other areas. One explanation may be that surgeons are more comfortable managing a patient expectantly when the case is within their own field of expertise, whereas for surgical disease that they do not treat as often, an operation may be perceived as the safer approach. This has received only limited attention in the literature although there is some evidence that specialist breast surgeons perform fewer operations for benign breast disease compared with nonspecialist surgeons 18 and have better breast cancer outcomes as well. [19] [20] [21] Indeed, the finding that specialization corresponds to a lower TTO was strongest when we examined breast surgeons. There are several studies examining surgical specialization and improved outcomes. 22 , 23 Hall et al 24 described a significant relationship between increased specialization and reduced risk-adjusted mortality using a measure of surgical specialization based on the number of cases performed. Similar to our study, they defined a specialist by the number of actual cases performed rather than by fellowship status. There have been extensive studies regarding the relationship between case volumes and outcomes at both the hospital and surgeon level and across a variety of surgical specialties. [25] [26] [27] [28] [29] [30] Systematic reviews of these studies conclude that there is likely a beneficial effect of specialization regarding outcomes. Our study did not show an effect of volume on the tendency to recommend surgery, but it did show that specialization as measured by a relatively higher volume resulted in recommending less discretionary surgery.
Our results also suggest that in unadjusted analysis, older surgeons tend to recommend surgery significantly less often than their younger colleagues in cases of discretionary surgery. We hypothesized a priori that in the face of uncertainty, surgeons may take a conservative approach, but conservatism may manifest itself differently as surgeons age. Younger surgeons may feel that operating is the conservative option, whereas older surgeons may be more comfortable with nonoperative management. There have been several studies examining physician age and clinical performance; in the case of primary care physicians, an inverse relationship has been noted between physician age and clinical performance. 31, 32 However, in surgery, except for very low-volume surgeons performing complex procedures such as pancreatectomy or carotid endarterectomy, surgeon age may not be an important predictor of operative risk. 33 It is possible that older surgeons are able to maintain good outcomes by gradually compensating for minor atrophies in their technique as well as choosing less sick patients. However, age was not a significant predictor of TTO in the full model after taking into account other confounders, which was a surprising finding. White race was significant, and it is possible that the significant finding in univariate analysis for age is explained by the fact that most older surgeons are white. Indeed, we found that white surgeons recommend surgery less frequently than nonwhite surgeons. This may be caused by differences in surgeon race across geographic regions and the patient populations they serve and issues regarding patient compliance and access to care. This is an area of active study, and more research is needed to understand how age and race might affect an individual surgeon's decisions and outcomes.
Significant findings within a compensation structure include that surgeons who are paid by a share of the billings or workload actually had lower TTO scores overall, which is contrary to our expectations. This was true for specialists as well. Surgeons receiving financial incentives and working for fee-for-service practices did not have significantly higher or lower TTO scores. There are many studies showing a significant relationship between physician-to-population ratio and the number of surgeries performed, so-called ''physician-induced demand.'' 34, 35 In these studies, the implication is that decisions are related to financial factors whereby surgeons create their own demand by performing more elective surgery. However, we do not find that feefor-service practices or financial incentives result in higher use of discretionary surgery as a contributor of variation. Indeed, no form of compensation was associated with an increase in the recommendation for surgery.
Importantly, we did not find that surgeons' malpractice concerns or volume influenced their use of discretionary surgery. Prior studies have shown that physicians often engage in defensive practices for fear of being involved in a malpractice lawsuit, with surgeons having some of the highest malpractice fears compared with other physicians. 36, 37 Higher malpractice costs (both premiums and payments) are associated with increased health care costs in the form of ''defensive medicine'', such as diagnostic tests and minor procedures, although rates of major surgery may not be affected. 37, 38 Our results indicate that despite an overall high level of malpractice concern, surgeons who are more concerned about malpractice do not recommend more or less discretionary surgery. This is reassuring in that fear of liability should not enter the decision to recommend an operation.
Strengths of our study include its broad, national sampling of surgeons across a range of specialties and practice types and detailed case volume records. However, the study should be interpreted in light of several limitations. First, our Cronbach alpha score was .56, implying that the internal validity of the instrument was limited. Because this would limit the consistency of the measurement of TTO, it would tend to bias results toward the null hypothesis. Second, unmeasured confounders limit our ability to determine causal links between surgeon characteristics and TTO. Factors such as the local surgical culture in which the surgeon was trained and prior positive/ negative experiences likely influence surgical decision making but are difficult to capture. Survey completion was optional, which could possibly introduce selection bias. Race and sex of the patient was significant in univariate analysis; however, patient race and sex in the scenarios were not randomized, so it is possible that this was a result of how the questions were written rather than a reflection of surgeon bias. Lastly, we used clinical scenarios to study physician behavior. The concept underlying the use of these clinical scenarios is that physicians will respond to the scenario in a manner consistent with their individual practice patterns. However, it is possible that surgeons tailored their responses over the 25 scenarios if they believed that their use of discretionary surgery was being measured because there was no ''right'' answer. When medical records are unavailable to provide detailed clinical information, measuring the behavior for specific clinical scenarios has been increasingly accepted as both a valid and cost-effective approach.
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Conclusions
In the absence of clear clinical guidelines, surgeons vary widely in their decision making regarding surgery, especially in cases of discretionary surgery. Previous studies have shown that despite higher rates of these types of surgery, outcomes may not be improved, and there may be a role for nonoperative management. We found that surgical specialization based on the number of cases performed is associated with less frequent recommendations to operate and could provide an argument to concentrate surgeries in the hands of surgeons who perform mainly those surgeries in an effort to reduce unnecessary variation. We do not find that financial incentives, fee-for-service practices, or malpractice fears influence the decision to operate. In response to your first question, I created the survey in collaboration with the ABS because Dr Richard Bell was 1 of my mentors, and he was the previous Executive Associate Director of the ABS. We decided that as a means of self-assessment, this would be a great opportunity for people looking to get Part 2 of MOC, which can be very difficult to obtain. At the completion of the survey you were able to see a bar graph of your answers compared with everyone else's answers who had taken the survey previously. In this way, surgeons were able to compare their answer choices to other surgeons, and judge for themselves how well their answers corresponded to their peers. My response to the ''operating is the safe choice'' question is one of the key things we were trying to get at in this survey. These cases are discretionary surgeries, so operating on a patient for any of these questions would not be wrong. The questions were designed to have no right answer. By examining the surgeon level factors that contribute to the decision to operate, we can start to see the differences on an individual basis of why a particular surgeon would choose to operate and why another might not. It's possible that linking the survey with the ABS may have had a slight influence on the results but we don't feel this is significant. In response to the negative control question, we actually did have a question that was designed to be a negative control question but it turned out that about 25% of the people chose to operate on the patient. Therefore, it had too much variability to be considered a true control question, and this was likely simply the way the question was written. We did include it in our multivariable analysis. Lastly, the distribution of the surgeons who were taking the survey was indeed mostly urban, but we felt that this was actually a fair representation given that there are such great concentrations of surgeons in the heavily populated areas like the Northeast and the far West. We actually thought that the spread of the surgeons was fairly representative, and if you look at the breakdown between academic versus private practice versus government, that was also fairly representative of the surgeons in the community. 
